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programs such as th at developed by Downs and S te r r it t .  Their i n i t i a l  
statem ent in  1970 sa id  th at routine mass screening o f  in fan ts  should 
not be sanctioned except in  a research model. In add ition , the ccm- 
m ittee suggested various areas to  be studied  and ind icated  that ex­
ten siv e  follow -up should be an e s s e n t ia l  part o f  the research.
Within a year a fter  the statement by the Jo in t Committee, Gold­
s te in  and T ait published an award winning cr itiq u e  o f neonatal screen- 
m g procedures. They l i s t e d  and discussed many s ig n if ic a n t  problems 
with in fa n t hearing screening, but in  the f in a l  an a lysis  did not rec­
ommend i t s  discontinuance. They did suggest that high r isk  r e g is te r s  
should be refin ed  as w e ll as behavioral te s t in g  techniques. They f e l t  
th at hearing evaluations should be performed in  w e ll baby c l in ic s ,  and 
the awareness o f  p ed ia tr ic ian s to  the importance o f  hearing in  early  
infancy be increased.
Also in  1971, the Conference on Newborn Hearing Screening was held . 
The d iscu ssion s o f  the conference pertained to  the pros and cons o f  neo­
n a ta l screening, and factors to  be aware o f when screening.^  The major 
recarmendations o f  the conference was for the widespread adoption o f a 
high r isk  r e g is te r . The r e g is te r  proposed l i s t e d  e ig h t fa cto rs which 
d e a lt  w ith fa m ilia l h is to ry , maternal ru b ella , stru ctu ra l abnorm alities, 
b ilir u b in  le v e ls ,  b irth  w eight, and otosoop ic fin d in gs. The conference 
did not condone mass behavioral screening but d id  suggest th at some forms 
o f  behavioral screening, p a rticu la r ly  in  conjunction with a high risk  
r e g is te r , would be acceptable. To be a ffe c t iv e  they f e l t  there should 
be a minimal investm ent o f  t in e ,  personnel and equipment, and the pro­
cedure should d e tec t a s ig n if ic a n t  number o f newborns th a t would be 
missed by only a high r isk  r e g is te r .
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Ihe J o in t Committee on Infant Hearing met again in  1973 and drafted  
a supplementary statem ent which a lso  reoarmended th at in fan ts  a t  r isk  
for hearing impairment be id e n tif ie d  by h is to ry , then be evaluated and 
followed-up. Ihe oorrmittee remained opposed to  routine behavioral 
screening. Ihe r e g is te r  they adopted was s im ila r  to  that prescribed by 
the Conference on Newborn Hearing Screening but was s im p lified  and a l­
lowed more la titu d e  in  determining r isk . The f iv e  ca tegories  sp e c if ie d  
a t  th is  time are as fo llow s:
I .  Family h isto ry  o f  hereditary childhood hearing impairment
I I .  Maternal rubella  or other transp lacental in fec tio n s
I I I .  Congenital d e fec ts  o f  the ear, nose, or th roat. Malformed,
lew s e t ,  or absent pinnae; c l e f t  l ip  or p a la te  (including sub- 
mucous c l e f t ) ; any resid u a l abnormality o f the otolaryngeal 
system
IV. B irth weight le s s  than 1500 grams
V. Any free  or in d ir e c t  serum b iliru b in  concentration which i s  
judged to  be p o te n tia lly  to x ic  
In terms o f  follow -up, the J o in t Committee reocrrmended that a t  r isk  
in fa n ts  receive  an au d io log ica l evaluation  w ithin  two months, and th at  
in fa n ts  w ith fa m ilia l h isto ry  o f  hearing impairment or  h istory  o f  mater­
n a l rubella  be given regular hearing examinations to  monitor p o ss ib le  
progressive lo s s e s .  I t  was a lso  suggested th at a t  r isk  in fan ts  who pass 
the i n i t i a l  te s t in g  be screened a t  a la te r  date by parental questionnaire  
and an arousal t e s t .
In 1974 and in  1978 two major conferences on the hearing to  in fan ts  
were conducted in  Canada.
Ihe major recommendations th at came out o f  the Nova S co tia  Conference
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n
on Early Id e n tif ic a t io n  o f  Hearing Loss were th a t the high r isk  r e g is ­
te r  o f  the J o in t Comiiittee on Infant Hearing be implemented u n iv ersa lly , 
behavioral screening t e s t s  be used supplem entally, two year o ld s be 
rou tin ely  evaluated for oonmunicative fu nction , and that complete a sse ss ­
ments o f  cortnunication s k i l l s  be required a t the entrance to  school. Im­
p ortan tly , s p e c if ic  gu id elin es for behavioral screening were d elin eated .
The Saskatoon Oonferenae on Early Diagnosis o f  Hearing Loss d e a lt  p r i­
m arily w ith what should be done once a neonate i s  screened and hearing
q
lo s s  i s  su sp ected .°
RESEARCH
Ihe research th a t occurred in  the early  and mid 1970's was la rg e ly  
d irected  a t  screening with behavioral observation audiometry and high 
r isk  r e g is te r s . The r e su lts  were mixed. Valuable information was ob­
tained  fo r  future uses but s ig n if ic a n t  weaknesses became apparent in  
most models. Ling e t  a l .  described the use o f  behavioral observation
audiometry in  in fa n t screening as assumption ridden, in e f f ic ie n t ,  and 
9time consuming. He found a high rate o f  observer error and was con­
cerned about the a f fe c ts  o f  ea r ly  id e n tif ic a t io n  upon maternal bonding. 
Shapiro found ex cessiv e  fa ls e  p o s it iv e s  and d i f f ic u l ty  maintaining ade­
quately trained s t a f f . ^  Using an expanded high r isk  reg is ter , fteyer 
and Wolf a lso  found an ex cessiv e  rate o f  fa ls e  p o s it iv e s  and noted d if ­
f ic u lty  w ith follcw -up. In a lon gitu d in al study, Feinmesser and T e ll
a lso  found th at an expanded high risk  r e g is te r  was too c o s tly  and y ield ed
1 2a large number o f  fa ls e  p o s it iv e s . They did determine that the re­
s tr ic te d  r e g is te r  o f  the J o in t Conmittee would have been p ra c tic a l but 
a t  the expense o f  fa ls e  n egatives.
In te r e s t  in  tr a d it io n a l neonatal screening continued through the  
la te  1970's  prim arily through the e f fo r ts  o f  a u d io lo g ists . Otolaryn-
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g o lo g is ts  became more re lu ctan t to  support neonatal screening programs 
and p ed ia tr ic ian s tended to  hold somewhat o f  a middle ground. -*-®
Besides the push to  re fin e  the high r isk  r e g is te r  and behavioral 
observation audiometry, a s ig n if ic a n t  amount o f  in te r e s t  was d irected  
a t mechanizing in fan t hearing screening in  the 1970's. Much o f  th is  
was due to  the s ig n if ic a n t  advances in  technologies and need to  make 
the process more o b jectiv e  and s e n s it iv e .  The in te r e s t  i s  p resen tly  
a l iv e ,  p a rticu la r ly  in  the area o f  evoked respose audiometry.
Though there was e a r lie r  research in to  the use o f resp iratory  
and cardiovascular measures to  a sse ss  hearing in  n eon ates^  n eith er  
have been used su b sta n tia lly  in  a routine screening m odel,15 The 
semiautomatic movement d etection  devices such as the crib-o-gram  
and the accelerom eter were among the f i r s t  mechanized measures de­
veloped s p e c if ic a l ly  fo r  th a t purpose. ^  The r e su lts  were p o s it iv e  
but Altman e t  a l .  (authors o f the accelerom eter) f e l t  th e ir  device  
was lacking s e n s i t iv i t y .
With the increased popularity , and use o f  impedance measures and 
evoked response audiometry, people began a ssessin g  th ese  instruments 
in  terms o f  a p p lic a b ility  to  the neonatal population, and as u sefu l 
screening to o ls .  A coustic r e f le x  te s t in g , which Jerger e t  a l . , had 
proposed as being p o te n tia lly  valuable in  a ssessin g  neonates did not 
prove to  be as v a lid  as toped. ^  K eith, Margolis and Popelka, and 
Gerber and Cone found th a t many in fa n ts  with normal typanograms did  
not ex h ib it  reflexes.-*-®
Hie use o f  evoked response audiometry, in  p articu lar  brainstem aud­
iometry, i s  a recent a c t iv ity  in  the area o f  newborn screening. Most
19o f  what has been done has been by Galambos and h is  a sso c ia te s . Their
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r e su lts  have been promising but c o s t , time and adm isistration  complexity
nay make i t  im practical for routine screening.
HIE CRIB-O-GRAM
CONCEPTION AND DEVEIDPMENT
The crib-o-gram was developed by F. B la ir  Simmons in  1969 w ith the
20a ssista n ce  o f  Frederica Russ and Ronald Strahan. The i n i t i a l  idea  
to  use a motion s e n s it iv e  transducer was suggested by a student. The 
in v e st ig a tiv e  program was funded through the Research Grant NSO7974-06 
o f'th e , National I n s t itu te  o f  Neurological D iseases and Stroke and by 
Grant RR-81 o f  the General C lin ica l Research Centers Program. The re­
search sta r ted  in  1970 w ith preliminary r e su lts  published in  1974. In 
the mid 1970's  the crib-o-gram  p roject began using f ie ld  s i t e s  to  c o l le c t  
ad d ition a l data and continued to  do so u n t il  the completion o f  the  
in v e st ig a tiv e  program in  1978,
O rig in a lly  only  a m ulti channel crib-o-gram  was used, but because 
o f  unique problems faced in  in ten siv e  care nurseries a portable s in g le  
channel u n it was a lso  developed. The i n i t i a l  instrum entation and data 
c o lle c t io n  was done by John Winstead, Duane Yount, and Joy Nakamura.
B i l l  Mcfarland became adm inistrator o f  the program during the f in a l  
phase o f  the research. Towards the end o f  program Tfelesensory Systems, 
Inc. o f  Palo A lto , C aliforn ia  became involved in  making the s in g le  chan­
n e l crib-o-gram audiometer marketable. This was accomplished by devel­
oping the m icroprocessor, a type o f  minicomputer.
RATIONALE FOR DEVEIDPMENT 
The crib-o-gram was devised to  circumvent some o f  the problems 
which o ften  made tr a d it io n a l behavioral screening im practical. The
goal was to  develop an automated measure which could r e lia b ly , with
22reduced su b je c t iv ity , screen neonates for hearing lo s s .  They wanted
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the procedure to  require l i t t l e  tra in in g , and be inexpensive, e a s ily  ad­
m in istered , and simply scored. I t  was a lso  f e l t  th at the t e s t s  should 
be presented a t  in ter v a ls  over a period o f  tim e, and be independant o f  
nursery rou tin es, random responses, and varying arousal le v e ls .
EQUIPMENT AND PROCEDURE 
The follow ing sec tio n  w i l l  describe the o r ig in a l multichannel and 
s in g le  channel crib-o-gram prior to  the addition o f  the microprocessor, 
the microprocessor w i l l  be d iscussed in  the sectio n  o f  present and future 
uses.
The crib-o-qram co n s is ts  b a s ic a lly  o f a motion se n s it iv e  trans­
ducer, speaker, s tr ip  chart recorder with accompanying am p lifier , and 
tim ing d e v ic e s .^  Ihe instrum entation on the m ultichannel audiometer 
i s  much more complex and requires additional components. This un it 
(the multchannel audiometer) i s  not commercially a v a ila b le .
LOUD SPEAKER
T R A N S D U C E R -**/ ?
Fig. 1 -  The S ingle Channel Crib-o-gram
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Transducer
The motion s e n s it iv e  transducer i s  a semi-conductor (8101M15 P ix ie  
Transducer, Endevoo, C o., Pasadena, C alifornia) wiiich was f i r s t  made 
for burglar alarm system s.2  ̂ I t  has a frequency response from DC to  
over 500 Hz and the s e n s i t iv i t y  i s  such th at i t  must be reduced by 
bonding i t  to  0.125 strap  s t e e l . 2  ̂ A fter th is  bonding i t  i s  s e n s it iv e  
enough to  p ick up many o f  the sanatic  movements except eye b links and 
s l ig h t  fa c ia l  grimaces. I t  i s  embedded in  s i l ic o n e  rubber and, on the 
multichannel u n it , i s  mounted on the crib  frame. With the s in g le  chan­
n e l u n it  the transducer i s  connected d ir e c t ly  to  the recorder by an e le c ­
t r ic a l  oord and can be placed w ith in  the b a ssin et or i s o l e t .  On the 
s in g le  channel u n it the s e n s i t iv i t y  can a lso  be con tro lled  a t the le v e l  
o f  the recorder v ia  the gain contro l s e tt in g .
Speakers
Hie speakers fo r  the m ultichannel crib-o-gram are mounted in  the 
c e i l in g  o f  the w e ll baby nursery roans. They emit a 40 dB 4000 Hz warn­
ing tone prior to  the stim ulus presentation . The warning s ig n a l i s  
not used on the s in g le  channel u n it. The stim ulus for both crib-o-grams 
i s  a naracw band s ig n a l o f  an approximate width o f  2,000 to  4,000 Hz and 
i s  92 dB * 1 dB SPL a t  the le v e l o f  the in fa n t 's  head. Very early  in
the program the in te n s ity  was 85 dB SPL and the s ig n a l was a tone which
26rose rapidly from 2,000 to  4,000 Hz. They found th at higher in te n s ity
w ith narrow band noise was more e f fe c t iv e .  Hie in te n s ity  i s  low enough
to  where Simmons reported d etectin g  hearing lo s se s  as lew as 60 to  65 dB
27and la te r  McFarland ind icated  d etectin g  lo s se s  o f  as lew as 40 dB.
S tr ip  chart recorder
Ihe recorder i s  a m odified electroenoepholographic type o f  machine
28w ith the paper chart speed slowed. Ihe multichannel u n it recorder was 
used only a t  the Stanford Medical Center and i s  housed severa l roans 
from the w e ll baby nursery, w hile on the more portable s in g le  channel 
u n it , the recorder i s  placed next to the crib  o f  the in fa n t being screened. 
Ihe neonate's movements, as w e ll as the presentation  o f  the sound stimu­
lu s ,  and presence o f  s i l e n t  t r ia l s ,  are recorded on the chart paper.
Ihe m ultichannel crib-o-gram  records the movements o f  e ig h t babies a t  
one time w hile the s in g le  channel u n it records only one.
Ihe graph paper i s  marked in  m illim eters. The top l in e  inked on 
the charts in d ica tes  the presentation  o f  the s ig n a ls  and s i l e n t  t e s t .
Ihe cen tra l tracin g  records the movement o f  the newborn. The portion  
p rior  to  the s ig n a l i s  the b a se lin e , w hile th a t which records the 2 .5  
seconds fo llow ing the s ig n a l i s  considered to  be the 2 .5  second window 
and i s  where the responses should occur.
sound on
BPi
V
b a se lin e  data 2 .5  second window
Fig. 2 -  The S tr ip  Chart
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Timing elements
“Ihe tim ing elem ents contro l when the sounds are d elivered , the
duration o f  each recording, and when s i l e n t  t e s t s  are adm inistered.
On the multchannel crib-o-gram  a timer a lso  regu lates the rota tion  o f
t e s t  presentations between four groups o f  e ig h t b a ssin ets  so th a t each
in fa n t in  te sted  twenty tim es w ith in  a twenty-four hour p er io d .2® On
the s in g le  channel u n it the presentation  can be as c lo se  as one minute
30apart or separated by as much as 24 hours.
A dditional components
With the m ultichannel u n it , the output i s  coupled to  a d ig i ta l ly  
coded c ir c u it  which id e n t i f ie s  each b a ssin et by number so an in fa n t 's  
crib  can be plugged in to  any w a ll socket connected to  the recorder. A 
sw itching network i s  used before the recorder to  determine which e ig h t
31in fa n ts  are being screened a t  any one time and which room they are in .
Administration
S in g le  channel crib-o-gram
The in fa n t to  be screened i s  se lec ted  and the equipment i s  moved to  
the v ic in ity  o f  the b a ss in e t or i s o l e t .  The transducer and speaker and 
th e ir  attached cords are cleaned with a lcohol or a cleaning so lu tio n .
The transducer i s  placed under the sheet or m attress. At times i t  may 
have to  be placed d ir e c t ly  under the neonate, and i f  he i s  on water 
bags or has sp e c ia l postural supports, severa l placements may need to  
be tr ie d  before obtain ing adequate tracin gs. Generally i t  i s  b est to  
place tlie transducer under the mid-back region o f  the in fa n t. The 
speaker i s  attached to  the fo o t o f  the cr ib . Some c l ip  on w hile others  
are on a L shaped stand which i s  held upri<£it by the m attress.
The equipment i s  turned on, and the s tr ip  chart i s  attached to  the
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r e e l ,  la b eled , and dated. A manual t e s t  i s  run to  determine i f  the gain  
se tt in g  i s  appropriate for the in fan t and to  g ive  an in d ica tion  o f  the 
adequacy o f  the transducer placement.
A fter approximately 10 to  12 hours the machine i s  turned o f f  manu­
a l ly  and the speaker and transducer are removed from the cr ib . Ihe 
s tr ip  chart i s  removed and scored. Usually 30 or more t e s t s  are admin­
is te r e d  during th is  time in te r v a l.
Multichannel u n it
The m ultichannel u n it i s  more automatic. A ll that i s  needed in  
the nursery i s  for the cr ib s to  be plugged in to  the proper sock ets.
The information i s  recorded for up to 32 babies for 24 hours. Most 
neonates receive  30 or more t e s t s  w hile in  the nursery.
Scoring
At f i r s t  tiie scoring  was q u ite  su b jectiv e . A response was o o n sis-  
ered to be any d ev ia tion  from the b ase lin e  a c t iv ity  w ith each ind ividual 
scorer determining whether a dev iation  was s ig n if ic a n t .  Because o f  re­
duced in tersoorer  r e l ia b i l i t y  the scoring system has been gradually re -  
33fin ed . During the la s t  three years o f  the research program a substan­
t ia l l y  more o b jec tiv e  scoring protocol was used. Using the refin ed  sys­
tem takes approximately ten  to  f if t e e n  minutes to  score a s in g le  channel 
s tr ip  chart.
In scoring a t e s t  on the s tr ip  charts the f i r s t  step  i s  to  deter­
mine i f  the t e s t  i s  soorable. Tire c r it e r ia  for th is  are as fo llcw s;
1. Hie ten  second b a se lin e  tracing  cannot have a d ifferen ce  o f  over 25 
m illim eters between i t s  h igh est and lo s e s t  p o in ts . 2. The amplitude 
cannot double w ith in  the la s t  three seconds before the on set o f  the s ig ­
n a l. 3. I f  the b ase lin e  tracing  i s  irregu lar in  frequency i t  cannot
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exceed a v aria tion  o f  15 m illim eters p rior to  the stim ulus.
Onae a t e s t  i s  determined as scorable i t  must be evaluated for a 
response. Each t e s t  i s  scored by amplitude or  frequency based c r i t e r ia .  
Ihe most ooimonly used c r it e r ia  i s  the amplitude based which s t ip u la te s  
th a t in  the 2 .5  second window follow ing the s ig n a l p resen tation , the 
amplitude o f  the la r g e s t  wave must be a t  le a s t  two tim es greater than 
the d ifferen ce  between the h igh est and low est p o in ts o f  the b ase lin e  
tracin g . ^  Only those t e s t s  whose b ase lin e  tracin gs are rhythmic and 
regular can be scored according to  frequency. To be considered a re­
sponse the frequency o f  the tracing in  the response window must be 1 .5  
tim es greater or le s s e r  than th a t o f  the b a se lin e . I t  i s  ca lcu la ted  
by counting the nvwber o f  wave cy c le s  in  the 10 second b a se lin e  tracin g  
and oonparing i t  to  the number o f  cy c les  in  the 2 .5  second response 
window.
Each t e s t  i s  marked e ith e r  response or  no response. Those t e s t s  
which were s i l e n t  are la te r  marked and not counted in  the number o f  
scorable t e s t s .  The to ta l  number o f  scorable t e s t s  i s  t a l l i e d  and must 
equal 20 for  the screening to  be considered v a lid . Hie number o f  re­
sponses are t a l l i e d  and a percentage i s  ca lcu la ted . To pass the screen­
in g  the in fa n t must have responded on a t  le a s t  10% o f  the scorable t e s t s .
F ig . 3 -  A Response
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F ig . 4 -  No Response
C ler ica l
The fo llow ing general c le r ic a l  procedures were used in  the cr ib -o  
gram p ro ject.
B esides scorin g , o ther paperwork was involved. Id en tify in g  in for­
mation such as birthday, parents, address, and physician was obtained  
and recorded with the screening r e s u lts . The r e su lts  had to  be logged  
in  the medical f i l e s ,  and the b i l l in g  required some ad d ition a l c le r ic a l  
work.
When an in fa n t fa ile d  the screening he was scheduled for a fo llo w -  
up hearing evaluation  w ith an a u d io lo g ist when the in fa n t was s ix  months 
o ld . Some o f  the f ie ld  s i t e s  d id  the follow-up te s t in g  when the in fan ts  
were three months o ld . The date for the evaluation  was sen t to  the par­
en ts and physician  when they are informed o f  the screening fa ilu r e . They 
were to ld  what measure was used to  screen the in fa n t, what the r e su lts  
were, and th a t further te s t in g  was needed to  a c tu a lly  determine i f  a hear­
ing  lo s s  was p resen t. Further le t t e r s  were sen t i f  the in fa n t d id  not 
make the appointment.
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When an in fa n t passed the screening the physician was informed a t  
discharge, and the parents were sen t a questionnaire when the ch ild  was 
two years o ld  to  determine how he was performing oomnunicatively. I f  
the c h ild  fa ile d  the questionnaire the parents were encouraged to  sched­
u le  an evaluation  with a speedh-language p a th o lo g ist.
RESULTS OF RESEARCH 
The m ajority o f  the research was performed a t  the Stanford Medical 
Center. A ll o f  the w e ll babies evaluated were te sted  with the m ulti­
channel crib-o-gram . Their Intensive Care Unit (ICU) neonates and those  
te s te d  a t the f ie ld  s i t e s  were screened with the s in g le  channel c r ib -o -  
gram. Eleven f ie ld  s i t e s  were used in  the United S ta tes  and one in  Canada.
From 1971 to  1978, 10,497 w e ll babies and 1,576 ICU in fan ts  were 
screened a t  Stanford. Eleven hearing inpaired newborns were id e n tif ie d  
from the w e ll baby nursery and 28 from the ICU nursery. The fa ls e  p o si­
t iv e  rate was 8% for the w e ll babies and 20% for the ICU newborns. The 
fa ls e  negative rate was approximately 9% for  the w e ll babies and for  
the ICU nursery i t  was le s s  than 5%.36
Because much o f  the ea r ly  data was suspect due to  changes in  scoring  
procedure, kind and in te n s ity  o f t e s t  stim ulus, and instrum entation, the  
la te r  data was a lso  analyzed sep arately . They found th at the s e n s i t iv i t y  
o f  the procedure rose s ig n if ic a n t ly  p a rticu la r ly  with the ICU in fa n ts .
Of th e 1,033 ICU in fa n ts  screened a t th is  time twenty-two had confirmed 
hearing lo s s e s  which i s  a very high incidence compared to  that o f  the 
general population. The m ajority o f  tire hearing lo s se s  id e n tif ie d  at  
Stanford were severe or profound, but four were in  the 56 to  70 dB range 
and s ix  were in  tire 41 to  55 dB range. ^
The data obtained from the f ie ld  s i t e s  was in co n sis ten t. The in c i -
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denoe was n ot as high as expected a t many o f  the s i t e s . F o r  example, 
a t  the C hildren's H ospital in  Denver only  one hearing lo s s  was confirmed 
out o f  622 ICU newborns te s te d .
Other inform ation obtained through th e course o f  the research was
b e n e f ic ia l to  in fa n t screening in  general. The periods o f  the day which
40were more and le a s t  e f fe c t iv e  to  screen newborns was e sta b lish ed . Sim­
mons a lso  found that responses la rg e ly  occurred w ith in  2 .5  seconds o f  
the stim ulus on se t. ̂  The use o f  s i le n t  t e s t s  was not found to  be e f ­
fe c t iv e  s t a t i s t i c a l l y . ^
Ihe widespread use o f  the multichannel crib-o-gram was not recommended 
because o f  the p roh ib itive  c o s t  and com plexity. I t  was f e l t  that sooring  
was a major drawback so to  make the crib-o-gram more appealing oontner- 
c ia l ly  and be more p ra c tic a l a microprocessor was developed which auto­
m atica lly  analyzes the r e su lts  the r e su lts .
The microprocessor, a type o f  rrunicomputer, makes the crib-o-gram a 
more p r a c tic a l to o l.  I t  i s  a sm all portable component connected to  the 
s in g le  channel crib-o-gram  and negates the use o f  the s tr ip  chart and 
autom atically adjusts the gain . The data i s  analyzed autom atically accord­
in g  to  s ig n a l d etection  theory. A fter an adequate number o f  t e s t s  are 
adm inistered i t  s ig n a ls  whether the neonate has passed or fa ile d  the screen­
in g . No manual sooring i s  needed and a l l  t e s t s  are v a lid . The micro­
processor was not used in  the research p roject but i s  a major part o f  the 
system being marketed p resen tly .
DISCUSSION
Ihe crib-o-gram seems to  do much o f what i t  was designed to  do. I t  
i s  an automated means o f  screening the hearing o f  newborns. Sane o f  the  
p o s it iv e  features are th at i t  takes minimal tra in in g  to  operate, does
-  16 -
n ot s ig n if ic a n t ly  in te r fe r e  with nursery rou tin es, i s  reasonably objec­
t iv e ,  and r e la t iv e ly  inexpensive with per in fa n t co st being extimated a t  
approximately $ 5 .0 0 .4^
Ihe data for the p ro ject was very p o s it iv e  from the Stanford nurs­
e r ie s  but th a t obtained from many o f the f ie ld  s i t e s  d id  not confirm  
those r e s u lts .  At Stanford the fa ls e  negative and p o s it iv e  ra tes were 
w e ll w ith in  an acceptable range, and the indidenoe o f  hearing lo s s  was 
much higher than was previously  found. ̂  Ihe rate was p a rticu la r ly  high 
with the ICU newborns. From th is  data i t  would be p o ss ib le  to  make a 
good argument for  screening a l l  ICU in fa n ts  regardless o f  r isk  for  hearing  
lo s s .  However using a l l  the f ie ld  s i t e  data makes th is  conclusion suspect.
One major problem with the crib-o-gram as used in  the va lid ation  
stu d ies  was mechanical breakdowns. With the m ultichannel crib-o-gram  
there was trouble with cross ta lk  between w ires. ^  With the s in g le  chan­
n e l u n it there was trouble with the in k ers, ex cessiv e  a r t i fa c t s ,  shorts
A C
between the transducer and recorder, and m alfunctioning timing elem ents. 
Many tim es the f ie ld  s i t e s  were without th e ir  u n its  because o f  rep airs. 
Another problem was the in terferen ce  o f  radio waves. Supposedly these  
problems have been reduced in  the newer coninercial models.
The sooring o f  tracin gs was cumbersome and tim e consuming as was the  
paperwork involved. McFarland considered the s e t  up time reasonable for  
the s in g le  channel crib-o-grams but i t ' s  p o ss ib le  tlia t i t  could be re­
duced even more i f  done by the nursing s t a f f .  ^  Follow-up and the c le r ic a l  
load w i l l  remain a problem even though scoring w i l l  be elim inated by the 
u t il iz a t io n  o f  the microprocessor.
From my personal experience w ith the crib-o-gram a t the Denver f ie ld  
s i t e  (The Children's H ospital) I did not find  the crib-o-gram to  be as
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s e n s it iv e  as proported. I t  did not id e n tify  the number o f  in fa n ts  i t  
should have oom paritively considering the se v e r ity  o f  the nursery pop­
u la tio n . Infants from the IOJ nursery who were la te r  id e n tif ie d  as  
being hearing impaired were missed due to  in v a lid  s tr ip  ch arts, not 
being screened, or they had passed the screening. I a lso  find  i t  d i f f i ­
c u lt  to  accept that moderate hearing lo sse s  can be id e n tif ie d  with the  
crib-o-gram .
Mechanical breakdown was a major problem a t  the Denver f ie ld  s i t e  
which considerably reduced my confidence in  the system. With the f ie ld  
s i t e s  lacking e le c tr o n ic  maintenance people such as those used a t Stan­
ford i t  was d i f f i c u l t  to  provide a co n sis ten t screening program. This may 
a lso  r e la te  to  the d isp a r ity  between the Stanford data and the re su lts  
reported by the f ie ld  s i t e s .
Another concern was the number o f  in fa n ts  who were followed up le s s  
in te n s iv e ly  when they had in v a lid  s tr ip  ch arts. When a neonate had an 
in v a lid  s tr ip  chart a second screening could not always be performed.
Ihe parents were encouraged to  bring the in fa n t back for te s t in g  but 
l i t t l e  e l s e  was done for folic*/-up.
PRESENT AND FUTURE USES 
The addition  o f  the m icroprocessor on the commercial u n its  makes the  
crib-o-gram  more p ra c tica l. I t  was f i r s t  thought tlia t the microprocessor 
would be ab le to  determine when a neonates arousal le v e l v/as such that  
i t  would be more l ik e ly  to  respond but th a t i s  not the case. The arousal 
le v e ls  could not be e f f e c t iv e ly  predicted from the b ase lin e  a c t iv ity  but 
i s  able to  prevent the completion o f  a t e s t  i f  the a c t iv ity  i s  e x c e s s iv e .^  
The s in g le  c h a n n e l crib-o-gram  may prove to  be an e f fe c t iv e  and 
p r a c tic a l to o l for ICU nurseries and for  w e ll babies a t  r isk  for hearing
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lo s s .  To use i t  for mass screening i s  considered to  be too c o s t ly  and 
time time consuming.
In the future i t  may be u se fu l in  screening in fa n ts  for cen tra l 
hearing d isorders. Mencher found that these types o f ch ildren  had ab­
normal response patterns which may shew up on a tracin g  where time and
49amplitude can be evaluated. Mencher a lso  found th at in fa n ts  passing  
the crib-o-gram who were la te r  diagnosed as perceptually  disordered
cr\
tended to  have lower scores than normal in fa n ts .
A dditional research using the microprocessor i s  needed.
SUMMARY
Ihe crib-o-gram i s  a semi-autom atic system to  behaviorally  screen  
hearing in  infancy by recording movement responses to  sound. At the 
Stanford Medical Center i t  was found to  be e f fe c t iv e  p a r tic u la r ly  w ith  
ICU in fa n ts  but the data from the f ie ld  s i t e s  did not confirm those re­
s u l t s .  The lack o f  equipment maintenance a t  the f ie ld  s i t e s  nay have 
been a s ig n if ic a n t  fa cto r  in  reducing th e ir  incidence rate s in ce  mechani­
c a l breakdown was a major problem.
Other problems such as scoring and in v a lid  t e s t s  were found with  
the crib-o-gram  research prototypes but are not factors w ith the com­
m ercial s in g le  channel crib-o-gram u n it. This i s  due to  the addition  
o f  a microprocessor. Ihe m ultichannel crib-o-gram was not considered  
p ra c tic a l for commercial u se , and because o f  oost the s in g le  channel 
u n it was only reoornrended for ICU in fa n ts  and those a t  r isk  for hearing  
lo s s .
A lon g itu d in a l study o f  the e ffe c t iv e n e ss  o f  the commercial c r ib -  
o-gram with the microprocessor was not performed but would be u sefu l 
in  determining i t s  actual e f fe c t iv e n e s s .
-  19 -
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